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ABSTRACT 

We present a high spatial (diffraction-Hmited) resolution (^0.3") mid-infrared (MIR) spectroscopic 
study of the nuclei and star-forming regions of 4 local luminous infrared galaxies (LIRGs) using T- 
ReCS on the Gemini South telescope. We investigate the spatial variations of the features seen in 
the A^-band spectra of LIRGs on scales of ~ 100 pc, which allow us to resolve their nuclear regions 
and separate the AGN emission from that of the star formation (SF) . We compare (qualitatively and 
quantitatively) our Gemini T-ReCS nuclear and integrated spectra of LIRGs with those obtained 
with Spitzer IRS. Star- forming regions and AGNs show distinct features in the MIR spectra, and we 
spatially separate these, which is not possible using the Spitzer data. The 9.7 /im silicate absorption 
feature is weaker in the nuclei of the LIRGs than in the surrounding regions. This is probably due 
to the either clumpy or compact environment of the central AGN or young, nuclear starburst. We 
find that the [Ne ii] 12.81 /im luminosity surface density is tightly and directly correlated with that 
of Paa for the LIRG star-forming regions (slope of 1.00±0.02). Although the 11.3 /im PAH feature 
shows also a trend with Paa, this is not common for all the regions and the slope is significantly 
lower. We also find that the [Neil] 12.81 /im/Paa ratio does not depend on the Paa equivalent width 
(EW), i.e., on the age of the ionizing stellar populations, suggesting that, on the scales probed here, 
the [Ne ll] 12.81 /im emission line is a good tracer of the SF activity in LIRGs. On the other hand, 
the 11.3/xmPAH/Paa ratio increases for smaller values of the Paa EW (increasing ages), indicating 
that the 11.3 /xm PAH feature can also be excited by older stars than those responsible for the Paa 
emission. Finally, more data are needed in order to address the different physical processes (age of 
the stellar populations, hardness and intensity of the radiation field, mass of the star-forming regions) 
affecting the energetics of the PAH features in a statistical way. Additional high spatial resolution 
observations are essential to investigate the star formation in local LIRGs at the smallest scales and 
to probe ultimately whether they share the same physical properties as high-z LIRGs, ULIRGs and 
submillimiter galaxies and therefore belong to the same galaxy population. 

Subject headings: galaxies: nuclei — galaxies: star clusters — galaxies: starburst — infrared: galaxies 



1. INTRODUCTION 

The monochr omatic mid-infra r ed (MIR) emission 
(8 and 24 /xm: IWu et all j200l ICalzetti et all 120071: 
lAlonso-Herrero et al.l 12006b ). as well as several MIR 
features such as the neon forbidden e mission lines 
([Nel l] 12.8lAtm a i id/oi- [Neiii] 15.55 /xm: iRoche et all 
119911: iHo fc Ketol I2007D are known to be related to 
the global (integrated) star formation in starburst 
and luminous infrared galaxies (LIRGs, 10^^ Lq < 
-^IR[8- 1000 Aim] <1O^^L0). The [Ne ii] 12.81 ^m line emis- 
sion is also correlated with the number of ionizing pho- 
tons in starburst galaxies, LIRGs and star-forming re- 
gions and therefore there is also a direct relation be- 
tween the [Ne ii] 12.81 /im flux and the star formation rate 
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(SFR) ([Roche et al.lll991[ ). although the relative abun- 
dance of Ne ^ and Ne ions should be taken into ac- 
count (IHo fc Ketoll2007l) . 

The presence of polycyclic aromatic hydrocarbons 
(PAHs, for example the 6.2, 7.7 and 11.3 /xm features) 
has largely been associated to r egions of star form a- 
tion (from ground-base d studies: IRoche et al.l 119911: to 
studie s based on ISO: [Genzel et ah I ll998t ILutz' et al.l 
'1998b'; 'Rigopoulou et al.' 1999: and Spitzer observations: 
Brandl et a l. 2006; Bcirao et al. 2006; Smith et al. 200% 
iDesai et al.H2007l: iHouck et al.ir206~7l: iFarrah et alJl2007f l 
and, in particular, to their photo-dissoci ation regions 
(PDRs) (jPeeters et al][200l iPovich et all [2001 . How- 
ever, recent works have suggested that the infrared (IR) 
luminosities of star-forming galaxies, as estimated using 
their PAH emission, should be taken with caution. For 
instance, the PAH ratios can vary by up to an order of 
magnitude among Galactic star-f orming regions , Mag - 
ellanic Hii regions, and galaxies ([Galliano et al.l [2C)08| ) . 
and the PAH emission relative to the to tal IR emis- 
sion may change from galaxy to galaxy ([Smith et al.l 
|2007[ ). Additionally, the PAH emission appears to bet- 
ter trac e recent rather tha n current, massive star for- 
mation ([Peeters et al.l 120041 ). PAHs also have an inter- 
stellar origin and it has been demonstrated that their 
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emission is more extended than that of hydrogen line 
emission, which is more co mpact and probe mainly the 
ionizing stellar populatio ns (jAlonso- Herrero et aLll20Q6bl: 
iDiaz-Santos et aLl I2008D . Furthermore, recently PAH 
features have been detected in the spectra of a significant 
number of local dusty elliptical galaxies (|Kaneda et alJ 
[20M). 

The local physical environment in which the star for- 
mation is taking place can also affect the PAH emis- 
sion. The metallicity, the properties of the dust, and 
the intensity and hardness of the radiation field can 
alter the ratios among the PAH features and modify 
the absolute amount of PAH emission gen erated by the 
star- forming regions (.Wu et al.|[2006t lEngelbracht et alJ 
120081: iGordon et al.ll2008D . Moreover, there is some ev- 
idence that the PAH molecules might be dest royed not 
only by the harsh radiation field of an AGN (|Wu et al.l 
|2007| ) but also by that of a young star-forming region 
if the PAH carrier s are sufficiently close to the source 
(|Mason et al.l 120071 ). On the other hand, PAH emission 
has been detected in the vicini ty of AGNs (e.g., C ircinus, 
IRoche et al.l[2007t NGC 1068. IMasoneFall 120061) . 

MIR observations of high redshift LIRGs, ULIRGs and 
submillimiter galaxies (SMGs) suggest that the star for- 
mation in the se galaxies is extende d over se veral kpcs 
(jFarrah et al.|[2008; .Menendez-Delmestre et al..,200 9'). In 
turn, a significant fraction of the star formation taking 
place in local (U)LIRGs is, however, mostl y confined to 
their n uclei, within t h e inne r few kpcs (e.g., Gallais et al.l 
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2009al) . Besides, the fact 
that the star-forming regions from where the MIR emis- 
sion arises are very compact (hundred of pc or less), 
prevents us from spatially resolving them in individual 
sources using current space-based observations {IRAS, 
ISO or even Spitzer). In this paper we present high spa- 
tial (sub-arcsecond, FWHM '--^ 0.3") resolution ground- 
based MIR spectroscopy of 4 local LIRGs (NGC 3256, 
IC 4518W, NGC 5135 and NGC 7130), in which star 
formation and AGN activity are isolated or mixed on 
different spatial scales. Using the spectral features found 
in the A^-band (~ 8 — 13 /im) Gemini T-ReCS spectra of 
these LIRGs, we characterize the nature and properties 
of their energy sources and perform a detailed study of 
the star formation in these galaxies on scales of a few 
hundreds of pc. The organization of this paper is as fol- 
lows. In [J2]we present the MIR observations and the data 
reduction; in Sj3] we present the complementary data at 
MIR and other wavelengths; ^ regards the analysis of 
the data; in SjS]we compare the MIR spectra of the LIRGs 
at different spatial scales; in ^we examine the strength 
and spatial variations of the 9.7 /im silicate feature in the 
nuclear region of the galaxies; in !j7] we explore the use 
of the [Ne 11] 12.81 /im emission line as reliable tracer of 
the SFR at scales of a few hundreds of pc and in SJS] we 
study the effect of the intensity and hardness of the ra- 
diation field in the emission of the 11.3 /xm PAH feature; 
finally, in ij9] we summarize the main results obtained in 
this paper. Additionally, in the Appendix we analyze the 
spatial profiles of the fluxes of the main A^-band spectral 
features and give detailed information about the specific 
results found for each LIRG. 



Galaxy 


z 


Dist 


log LiR 


Type 


12+log(0/H) 


name 




[Mpc] 


[Lg] 






(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


NGC 3256 


0.00935 


40.4 


11.67 


Hii 


8.8 


IC 4518W 


0.01573 


68.2 


11.09 


Sy2 


8.6 


NGC 5135 


0.01369 


59.3 


11.27 


Sy2 


8.7 


NGC 7130 


0.01615 


70.1 


11.39 


L/Sy 


8.8 



Note. — (1) Galaxy name; (2) Redshift (from NED); (3) Distance 
as obtained with the cosmology: Hq — TOkms^^ Mpc^^, Om — 0.27, 
Oa — 0.73; (4 ) Infrared lum i nosity (8 — 1000 /^m) as computed from 
IRAS fluxes ^ Sanders e t al.ll2003ll and using the prospect given in 
l lSanders fc Mir abel 199^; their Tab le 1); (5) Nuclear activi ty of the 
galaxy; (6) Oxygen abundances fsce lDiaz-Santos et al1l2008l and ref- 
erences therein). 

2. MIR SPECTROSCOPY AT SUB-ARCSECOND SCALES 

We selected 4 galaxies from the sample of local LIRGs 
of Alonso-Hcrrcro et al. (2006b): NGC 3256, IC 4518W, 
NGC 5135 and NGC 7130. The galaxies were chosen 
to cover a variety of morphologies (compact/extended) 
and to include star-forming processes and AGN activity 
in various environments and mixed on different physical 
scales. In Table [T] we summarize the main properties of 
these LIRGs. 

2.1. High spatial Resolution T-ReCS N-band 
Observations 

We obtained A^-band, low-resolution (from i? 80 at 
8 to R 150 at 13 /im), long-slit spectroscopy of 
the 4 LIRGs mentioned above with T-ReCS on the 8.1 m 
Gemini South telescope. The observations were carried 
out during 2005 and 2006 under programs GS-2005B-Q- 
10, GS-2006A-Q-7 and GS-2006A-DD-15 (PI: Packham). 
T-ReCS has a 320 x 240 pixel detector with a plate scale 
of 0.09", which provides a field of view of - 29" x 21.5". 
We used a slit width of 0.72" for NGC 5135, IC 4518W, 
and NGC 7130, and of 0.36" for NGC 3256. The slits 
were placed to cover the nucleus of the galaxies as well 
as some regions of interest (see Figure [U orange crosses 
and dots, respectively). 

The observations were obtained in a standard chop-nod 
strategy to remove the time-variable sky background, 
telescop e thermal emission, a nd the 1/f detector noise 
(see also lPackham et aI]|2005D . The chop throw was 15" 
and perpendicular to the slit. The observations were 
scheduled to be done in a single night but they were di- 
vided in various datasets to avoid observing problems or 
a sudden change in weather conditions. 

We observed two Cohen standard stars ([Cohen et al.l 
Il999f ) for each galaxy to obtain the wavelength and 
absolute-flux calibration of the spectra. The standard 
star observations were taken with the same instrument 
conflguration and immediately before and after the tar- 
get to minimize the uncertainties in the photometric cal- 
ibration. The standard stars were chosen to have similar 
air-masses as the galaxies at the time of the observations. 
In order to place the slit along the regions of interest, the 
instrument was rotated accordingly. The standard stars 
were observed with the same configuration. 

Details about the integration times and the final useful 
data available for each galaxy after discarding chop/nod 
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Fig. 1.— Si-2 (NGC 3256) and Af-band (NGC 5135, IC 4518W and NGC 7130) images (from iDiaz^Santos et an[200D of the central 
(inner ~ 2 kpc) regions of the LIRGs. The parallel lines represent (true scale) the width and orientation of the T-ReCS long slit. The 
(orange) cross marks the nucleus of each galaxy, while the orange dots mark other regions of interest: in NGC 3256, the southern nucleus 
of the galaxy; in IC 4518W, an extended region detected in [Siv]10.51 /im line emission; and in NGC 5135 and NGC 7130, two MIR 
bright H II regions. The squares represent approximately the minimum aperture size that can be used for extracting the low-resolution (SL 
module) IRS spectra, although their plotted position angles do not match those of the Spitzer observations. [See the electronic edition of 
the Journal for a color version of this figure] . 



pairs affected by noise are given in Table [2] 

2.2. Data Reduction And Photometric Calibration 
2.2.1. Obtaimng the 2-D Spectra 

The T-ReCS data are stored automatically in savesets, 
which contain information on the on-source (object + 
sky) and off-source (sky) frames for each chop/nod po- 
sition. The savesets can be accessed directly to discard 
images affected by any type of instrumental noise pat- 
tern. A given number of savesets forms a dataset. Once 
the bad savesets of a dataset are discarded, the sky- 
subtracted images were stacked to obtain a single image 



of the 2D-spectrum of the target. Because some of the 
datasets were obtained in different nights and under dif- 
ferent atmospheric conditions (see above), the following 
procedures were applied to each galaxy-standard pair of 
datasets individually as they contained the full informa- 
tion to perform their own calibration. Figure [5] shows 
the 2D-spectrum of each LIRG (the different savesets 
were averaged for obtaining high S/N images but these 
were not used for scientific purposes). Note that even in 
these partially reduced T-ReCS spectra (not corrected 
from the shape of the atmospheric transmission; see be- 
low) we can detect the 8.6 and 11.3/imPAHs and the 
[S iv] 10.51 /^m, and [Ne ii]12.81 /xm emission lines, to- 
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TABLE 2 

Log of the T-ReCS Spectroscopic Observations 



Galaxy 


Slit width 


tint 


Date 


Seeing 


name 


["] 


[s] 




["] 


(1) 


(2) 


(3) 


(4) 


(5) 


NGC 3256 


0.36" 


1800 


2006/03/07 


0.35" 


IC 4518W 


0.72" 


1900 


2006/04/17 


0.36" 


NGC 5135 


0.72" 


633 


2006/03/06 


0.30" 




0.72" 


1267 


2006/03/10 


0.29" 


NGC 7130 


0.72" 


490 


2005/09/18 


0.37" 




0.72" 


760* 


2006/06/04 


0.30" 




0.72" 


633 


2006/08/29 


0.36" 




0.72" 


1267* 


2006/09/16 


0.33" 




0.72" 


1267 


2006/09/25 


0.40" 



Note. — Note- (1) Galaxy; (2) Slit width; (3) Useful 
on-sourcc integration time; in the observations marked with 
an asterisk, only the spcetrum of the nucleus (i.e., not in- 
cluding the H II region) was obtained; (4) Date{s) of the ob- 
servations (YYYY/MM/DD); (5) Mean seeing (FWHM of 
the reference standard star(s) observed right before and/or 
after the target) throughout each night of observations. 

gether with the 9.7 /iin sihcate absorption feature (see 
Figured]). 

After applying a fiat-field to the datasets we made use 
of Gemini-based iRAi|3 tasks (nswavelength and nstrans- 
form) to calibrate in wavelength the 2D-spectra. We 
used the sky emission features in the reference (sky) 
stacked spectra to calibrate in wavelength both the the 
galaxy and standard star 2D-spectra. For the next final 
steps of the data reduction, we used our own in-house 
developed idl routines. 

In order to subtract the residual background from the 
2D-spectrum image, it was fitted to a 2D plane with a 
fitting algorithm that iteratively rejects outliers 2.25 cr 
above/below this plane to ensure that only "sky" pixels 
are used for the fit. 

2.2.2. Extraction and Calibration of the 1-D Spectra 

Once the 2D-spectrum images of the galaxy and 
the standard star were wavelength-calibrated and 
background-subtracted, we used the high S/N ratio of 
the spectrum of the standard star to trace the apertures 
of the 1-D spectra. 

We extracted the nuclear spectrum of each LIRG as 
well as 1-D spectra at regular positions (1 pixel ~ 0.09" 
step) along the slit in the spatial direction using a fixed 
aperture of 4 pixels in length. We then used this grid 
of spectra to construct spatial profiles of the features 
detected in the spectra of each LIRG (see Appendix). 
All the regions (nuclei and star-forming regions) were as- 
sumed to be extended. We also extracted the integrated 
spectra of the galaxies with a fixed aperture of 40 pixel 
(~ 3.6"), as well as the spectra of the regions of interest. 

After the spectrum of a given position was extracted 
from every dataset, all the spectra were interpolated to a 
common wavelength array, with a spacing approximately 
similar to that provided by the wavelength-calibration 
function (~ 0.022 ^mpixel"^). This step was needed 
since the observations of some galaxies were carried out 

* IRAF is written and supported by the IRAF programming group 
at the National Optical Astronomy Observatories (NOAO), which 
are operated by the Association of Universities for Research in 
Astronomy, Inc., under cooperative agreement with the National 
Science Foundation. |http: / /iraf.noao.edU| 



on different nights. 

Each interpolated spectrum was then flux-calibrated 
using its associated Cohen standard star while taking 
into account the slit losses in each dataset. By compar- 
ing the fiux-calibration of the different datasets we deter- 
mined that this is accurate to within ^ 15% uncertainty. 
Finally, the spectrum of each dataset was weighted by 
the number of savesets used for constructing the dataset 
(i.e., by the exposure time) and then averaged. The un- 
certainties of the background emission were obtained by 
calculating the standard deviation of the "sky" spectrum 
of the grid (see above) defined as those spectra having 
a iV-band flux density below 3mJy. The extracted nu- 
clear and integrated spectra of the LIRGs can be seen in 
Figure [5] 

3. COMPLEMENTARY DATA 
3.1. NIR HST NICMOS Imaging 

The 4 galaxies selected for this work are from the 
HST/NICMO S survey of a volume-l i mited s ample of lo- 
cal LIRGs of lAlonso-Herrero et al.l (|2006bD . The ob- 
servations were taken with the NIC2 camera (pixel 
size of 0.075" and FOV of 19.3" x 19.3") using two 
broad-band filters (FllOW and F160W) for obtaining 
NIR continuum imaging, and two narrow-band filters 
(F190N and F187N) for observing the Paa line emission 
and its associated continuum . We refer the reader to 
lAlonso-Herrero et al.l (|2006bD for details on the observa- 
tions and data reduction. Using the fully-reduced images 
we constructed continuum-subtracted Paa emission, and 
color maps of the nuclear regions of the galaxies. 

A few extra steps were needed to make a meaning- 
ful comparison between the NICMOS and the T-ReCS 
images. Most importantly, rescaling the pixel size and 
matc h the resolution of the images (see lDiaz-Santos et alj 
120081 for details) . In addition, we simulated the positions 
of the T-ReCS slits (see fgl]) over the HST NICMOS 
Paa images and extracted the spatial profiles from them. 
These profiles were then compared with those obtained 
for the MIR spectral features (see Appendix). The Paa 
and NIR continuum images where also used to estimate 
the ages and extinctions for each of the star-forming re- 
gions studied in this work. The ages were inferred from 
their Paa equivalent widths (EWs) using Starburst99 
models (jLeitherer et al.l I1999D and are upper limits to 
the real ages of the regions. The extinctions were cal- 
culated using the NIR colors and are lower limits to the 
rea l values. For more details about the approach used, 
see lDfaz-Santos et al.l (jlOOS). 

3.2. MIR Spitzer IRS Spectroscopy 

For NGC 3256, NGC 5135 and NGC 7130, we com- 
pare ou r T-Re CS data to the Spitzer IRS spectra from 
IPereira-Santaella et al.l (|2009af) . The spectra were ob- 
tained with the short-wavelength, low resolution module 
(SL), which ranges from 5.5 fim to ^ 13.5 fj,m and has 
a spectral resolution of R'^ 60 — 130, similar to that 
of T-ReCS spectra. The extraction of the Spitzer IRS 
ID spectra for each LIRG was made using various fixed 
apertures, from 2x2pixel to 4 x 4pixel. The smaller 
aperture is approximately the size (FWHM) of a point 
source at the end of the wavelength range covered by the 
module, which is about 3.7" x 3.7" for the SL module. 
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NGC3256 2D spectrum 



IC4518W 2D spectrum 




NGC5135 2D spectrum 



NGC7130 2D spectrum 



Fig. 2. — Averaged T-ReCS 2D-spectra of the LIRGs. These images have been partially reduced (see text). The horizontal axis is the 
wavelength dispersion direction (from ~8 to 13fim), while the vertical axis is the spatial direction. The physical scale for each galaxy is 
marked on the images, as well as the most prominent spectral features. Note that even in these partially-reduced 2D-spectra, some features 
are clearly extended. See Figure [T] for details about the orientation and position of the slits used for obtaining these spectra. [See the 
electronic edition of the Journal for a color version of this figure] . 
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The flux-calibration was performed assuming the sources 
were extended. The extracted spectra of the galaxies are 
shown in Figure [5] 

4. ANALYSIS 

4.1. Obtaining Sub-arcsecond Spatially Resolved Profiles 

Figure [3] shows an example of some individual spectra 
of NGC 3256 extracted at different positions along the 
slit (see H2.2.2[ . The main emission features seen are 
the 8.6 and 11.3^mPAHs, and the [Siv]10.51^m and 
[Neil] 12.81 ^m lines. 

To measure each feature, we first fitted each 1-D spec- 
trum with a polynomial function using a ;\;^-minimization 
method (with a weight oc 1 /cr^ , where a is the total un- 
certainty at each wavelength) after masking out the most 
prominent features in the spectra. A few examples of 
these fits are shown in Figure |3l Next, we: (1) measured 
the fluxes of the PAHs and emission lines; (2) calculated 
their EWs and (3) obtained the continuum flux at two 
reference wavelengths: 8.2 and 12.2 /im. The fluxes of 
the features were calculated by fitting them with Gaus- 
sian functions with fixed widths and varying intensities 
and positions. Although a Gaussian profile does not rep- 
resent perfectly the shape of the PAH bands, it is still 
a reasonable choice and a good approximation to their 
enclosed flux. We considered a feature as detected when 
its peak was 2.25a above the continuum. This threshold 
was chosen as a good compromise between being able to 
detect low surface brightness emission in diffuse regions 
and not including unreliable measurements. 

We note that the [Neil] 12.81 /im line may be contami- 
nated with emission from the 12.7 /im PAH feature, since 
the T-ReCS spectral resolution is not sufficient to sepa- 
rate both components. In addition, due to the distance to 
IC 4518W, NGC 5135 and NGC 7130, the [Neii] 12.81 /im 
emission line of these LIRGs is red-shifted almost outside 
of the T-ReCS TV-band filter. This causes the red wing 
of the line to be significantly affected by the filter and 
atmospheric transmissions; the latter starts decreasing 
significantly at A > 13 /im. We therefore doubled the 
uncertainties in the fluxes measured of [Ne ii] 12.81 /J,m 
line for these galaxies because the flts to this line were 
made using only the half of the line not affected by the 
filter and atmospheric transmissions. The uncertainties 
of the ratios and other quantities obtained using this line 
were calculated accordingly, including this additional un- 
certainty. 

The fluxes and EWs of the different features measured 
in the nuclear and integrated T-ReCS spectra are given 
in Tables H dill andU 

4.2. Measuring the Strength of the S'ig.r^m Feature 

An important quantity related to the Sig.y^m feature 
is its depth or strength. This is calculated as: 

p'obs 

5'si9.7Mm = In-—^ (1) 

where is the observed flux density of the feature and 
pcont -j-j^g continuum, both evaluated at wavelength A 
(usually, 9.7 /im). A negative value indicates absorption, 
while a positive value indicates emission. The ^-m 
can be associated with an optical depth (and therefore 
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Fig. 3.— T-ReCS spectra of NGC 3256 extracted with a fixed 
aperture of 0.36" at different spatial positions in steps of 2 pixels 
(0.18") from the northern nucleus (top black dots) down to 0.9" 
to the south (orange dots). The spectrum of the southern nucleus 
(at ~ 5" to the south) is shown for comparison (bottom brown 
dots). For clarity, the spectra (from top to bottom) have been 
multiplied by the following factors: 64, 32, 16, 8, 4, 2, and 1. 
The lines are the fits to the spectra (see text for details). The 
most prominent features are marked at the top of the figure. PAH 
features are marked with dashed lines, the unresolved forbidden 
lines are marked with dotted lines, and the location of the H2 
emission lines are marked with dotted-dashed lines. The shaded 
regions correspond to wavelength ranges where the atmospheric 
transmission is very poor, causing the spectra to be very noisy. 
[See the electronic edition of the Journal for a color version of 
this figure] . 



with a visual extinction) via an extinction law and a dust 
obscuration model or geometry. For a dust screen con- 
figuration, the relation between the S'si9.7/im (or equiva- 
lently in this case: apparent rsig.y^m = — S'sig.T/^m) and 
the apparent Ty is unique and it is given by the shape of 
the absorption curve of the adopted extinction law. 

The limited spectral range afforded by ground-based 
iV-band observations in conjunction with the broad sil- 
icate feature, and the prominent PAH features in our 
galaxies make it difficult to measure the MIR contin- 
uum. To circumvent this problem, we made use of the 
SL Spitzer IRS spectra which has a larger spectral range. 
We stress that the Spitzer spectra are extracted with 
much larger apertures (see t j3.2p than the T-ReCS spec- 
tra, and thus the main assumption here is that the shape 
of the continuum over the Spitzer (kpc) spatial scales is 
the same as that over the T-ReCS (hundred pc) scales. 
That is, for a given galaxy, we used the same Spitzer 
continuum for all the T-ReCS spectra extracted along 
all spatial steps. This may have some implications in 
cases were the Spitzer spatial resolution cannot separate 
AGN and star formation sites. 
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TABLE 3 
T-ReCS Nuclear Fluxes 



Nucleus 






Feature 








8.6 /im PAH 


[Siv] 


11.3 ftm PAH 


[Ne ll] 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


NGC 3256 (N) 


7.5±3.5 


<1.0 


11.9±1.3 


12.9±0.5 


-0.39±0.10 


NGC 3256 (S) 


<1.7 


<0.5 


<1.0 


2.1±0.2 




IC 4518W'' 


<6.4 


2.8±0.9 


<3.7 


6.9±1.3 


-I.42i0.19'' 


NGC 5135'' 


<5.5 


5.2±0.9 


<3.2 


5.1±1.0 


-0.46±0.18 


NGC 7130 


5.5±4.4 


2.5±1.8 


11.4±1.3 


10.3±1.6 


-0.61±0.08 



Note.- (1) Name. (2)-(5 ) Fl uxes of the features and 2.25o" upper limits (see text) in units of X lO""*^^ erg s~^ em~^. (6) Silicate strength 

of the LIRG nuclei (see ^4.21 and Equation [T} . 

" The Ssig.?^!!! of IC 4518W was calculated using the alternative method explained in il4.2l 

^ The nuclei of IC 4518W and NGC 5135 are unresolved. The values given here have not been corrected for aperture effects. 

The values correspond to the 1-D spectra extracted with a fixed aperture of 0.36" X [0.36" (NGC 3256), and 0.72" (IC 4518W, NGC 5135, 

NGC 7130)] centered at the nuclei of the galaxies. 



TABLE 4 
T-ReCS Lntegrated Fluxes 



Nucleus 






Feature 








8.6AtmPAH 


[Siv] 


11.3 Atm PAH 


[Ne ll] 


•S'sig.Tjim 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


NGC 3256 (N) 


23.0±9.3 


<3.0 


40.0±3.9 


42.8±2.0 


-0.62±0.13 


NGC 3256 (S) 


<5.4 


<1. 


<1.0 


3.2±1.7 




IC 4518W 


<17.2 


12.5±2.5 


<10.1 


22.9±4.1 


-I.45i0.28'' 


NGC 5135 


19.2±13.3 


13.1±6.3 


36.7±7.1 


19.2±4.8 


-0.63±0.23 


NGC 7130 


17.5±10.9 


5.2±5.2 


45.0±4.4 


25.4±4.2 


-0.75±0.10 



Note.- (1) Name. (2)-( 5) Fl uxes of the features and 2.25o- upper limits (see text) in units of X 10~^*ergs~^ cm~^. (6) Silicate strength 

of the LIRG nuclei (see ^4.21 and Equation [TJ . 

" The S'sig.7fini of IC 4518W was calculated using the alternative method explained in ^4.21 

The values were calculated for the 1-D spectra as extracted using a fixed aperture of 3.6" X [0.36" (NGC 3256), 0.72" (IC 4518W, NGC 5135, 
NGC 7130)] centered at the nuclei of the galaxies. 



TABLE 5 
T-ReCS Nuclear EWs 



Nucleus 




Feature 






8.6AtmPAH 


[Siv] 


11.3 /im PAH 


[Ne II] 


(1) 


(2) 


(3) 


(4) 


(5) 


NGC 3256 (N) 


0.11±0.05 




0.16±0.02 


0.12±0.01 


NGC 3256 (S) 








0.07±0.01 


IC 4518W 




0.05±0.02 




0.03±0.01 


NGC 5135 




0.05±0.01 




0.04±0.01 


NGC 7130 


0.05±0.04 


0.03±0.02 


0.18±0.02 


0.06±0.01 



Note.- (1) Name. (2)-(5) EWs of the features in /im. See also Table [3] for notes about the extraction apertures. 



TABLE 6 
T-ReCS Integrated EWs 



Nucleus 




Feature 






8.6 fj.m PAH 


[Siv] 


11.3 /im PAH 


[Neil] 


(1) 


(2) 


(3) 


(4) 


(5) 


NGC 3256 (N) 


0.13±0.05 




0.23±0.03 


0.16±0.01 


NGC 3256 (S) 






0.38±0.33 


O.lOitO.Ol 


IC 4518W 




0.11±0.03 




0.06±0.01 


NGC 5135 


0.06±0.05 


0.07±0.04 


0.15±0.03 


0.06±0.01 


NGC 7130 


0.07±0.04 


0.03±0.03 


0.18±0.02 


0.07±0.01 



Note.- (1) Name. (2)-(5) EWs of the features in /im. See also Table[4]for notes about the extraction apertures. 
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Fig. 4. — Upper panel: Example of the fitted continuum (red line) 
to the SL IRS spectrum (black line) of NGC 5135 to measure the 
strength of the silicate feature. The spectrum was extracted with 
an aperture size of 5.4" X 5.4". The red squares are the anchors 
used for the fit. The green triangles are the spectrum and the 
fitted continua at 12.2 /im , chosen as the reference wavelength 
for the normalization to the T-ReCS spectra (see text for details). 
Bottom panel: The red line is the IRS continuum fit scaled to the 
nuclear T-ReCS spectrum of NGC 5135 (black line), as extracted 
with an aperture size of 0.72" X 0.36". The ratio between the green 
triangles is the offset applied to the normalization of the fit. The 
blue circles show the spectrum and fitted continua fluxes at the 
maximum of the Si 9.7 absorption feature. [See the electronic 
edition of the Journal for a color version of this figure] . 



We fitted the IRS spectrum to a simple linear func- 
tion with anchors at 5.5 and 13.2 /im (see FigureSl top). 
This method yielde d similar results to the method of 
iSirockv et all (|2008D . which uses a spline interpolation. 
We then measured the ratio between the measured flux 
at 12.2 /xm in the IRS spectrum, and the fitted value at 
the same wavelength. We used this ratio to scale the 
fit to the T-ReCS spectra at 12.2 fim. We have to note 
that because of the wavelength selected to scale the spec- 
tra is still inside the absorption feature (though in the 
more outer part of it), the measured silicate strengths 
might be slightly underestimated. In any case, relative 
comparisons are not affected by this. 

We found that the maximum of the Sig.y^m absorp- 
tion feature was n ot always centered at 9.7 /xm (see 
ISirockv et alj 120081 and reference therein). It varies be- 
tween 9.4 and 10 /im and sometimes is even located at 
shorter wavelengths down to ^ 9 /im (see, e.g., the spec- 
tra of NGC 3256 in Figure [3]). Because of these displace- 
ments, we computed the S'sig.y^jm of the T-ReCS spectra 
using Equation ([1} but evaluating it at the maximum of 
the absorption, rather than exactly at Xrest =9.7/im. 

Since no IRS spectrum is available (to the date) for 
IC 4518W, we used a second approach to measure the 
'S'sig.TAim- In this case we measured the continuum emis- 
sion above the Si 9.7 feature using directly the T-ReCS 
spectra. Note, however, that the PAHs and in particu- 
lar the 8.6 /im feature, in this galaxy are not very strong 



(see Figure [S|) . For each step of the spatial profiles we 
fitted the spectra between 8.2 and 12.2 /im (at the edges 
of the silicate feature) with a linear function and inter- 
polated the fitted continuum to the maximum of the ab- 
sorption. We also applied this alternative method to the 
other LIRGs to compare these values with those obtained 
using the IRS spectra. We found that both methods 
yielded similar results, as can be seen for NGC 3256, 
NGC 5135 and NGC 7130 in Figure H 

Tables |3] and |4] give the Sig.r^m strengths measured 
in the nuclear and integrated spectra of the galaxies, re- 
spectively. In [J6]we explore in detail the spatial profile 
of the 9.7 /im silicate feature in each LIRG. 

5. CRUCIAL DIFFERENCES BETWEEN T-RECS AND IRS 
SPECTRA 

We can compare the nuclear and integrated T-ReCS 
spectra of NGC 3256, NGC 5135 and NGC 7130 with 
the Spitzer IRS spectra (there is no Spitzer spectrum 
for IC 4518W) to highlight the different physical regions 
and processes probed by the two instruments. While the 
Spitzer IRS spectra are representative of the emission 
over scales of ~ 1 kpc, our ground-based observations im- 
prove this resolution by almost one order of magnitude. 
Thus with the T-ReCS data we can disentangle the emis- 
sion arising from the nuclear regions of the galaxies on 
scales of ^ 100 pc. 

5.1. NGC 3256 

NGC 3256 has two nuclei separated by ~ 5" (~ 
1 kpc) along the north-south direction. The north- 
ern nucleus (see Figure [TJ orange cros s) has been 
clear l y classified as a star-forming region (|Lipari et al.l 
[2000t iLira et al.l [20021 ) and is resolv ed in the T-ReCS 
MIR image (FWHM of 0.50" ~ 100pc: lDiaz-Santos et al.l 
120081 ). The so uthern nucleus is heavi l y obscured ( Ay > 
12 - 15 mag: iKoti laincn et al.' '1996 1: ILira et all 120021 : 
lAlonso-Herrero et al.. .2006a: .Dfaz-Santos et al.l I2008I) . 
and it is classified as Hii-like. The T-ReCS (nuclear 
and integrated) and IRS spectra of the northern nucleus 
of NGC 3256 are all very similar (see Figure [5]). All of 
them show prominent 8.6 and 11.3 /im PAH features to- 
gether with a conspicuous [Neil] 12.81 /im emission line. 
Therefore, despite the nucleus is resolved, the nuclear 
spectrum is representative of the whole region, even at 
kpc scales (see IRS spectrum). 

The IRS spectrum of the southern Hii-like nu- 
cleus of NGC 3256 shows a larger absorption 
{Ssi9.7nm— —1.4) than that of the northern nu- 
cleus (jsi9.7um— ~0 - 5: lAlonso-Herrero et al.l l2009bl : 
iPereira-Santaella et al.l |2009aD. However, our T-ReCS 
spectrum of the southern nucleus shows that the IRS 
spectrum underestimates the true depth of the silicate 
feature. In fact, the T-ReCS spectrum is so absorbed 
that even the intense 8.6 an d 11.3 /im PAHs (clearly 
seen also in the spectrum of iMartm-Hernandez et al.l 
l2006f ) cannot be measured because they are totally extin- 
guished. The [Ne 11] 12.81 /zm emission line is also likely 
to be somewhat affected by the absorption. All these 
features are however clearly detected in the IRS spec- 
trum. Thus, the T-ReCS spectrum effectively separates 
the emission arising from the heavily absorbed southern 
nucleus of NGC 3256 from that of the surrounding re- 
gions. In turn, the IRS spectrum is a combination of 
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Fig. 5. — T-ReCS and IRS spectra (where available) of the four 
LIRG under analysis. The nuclear and integrated T-ReCS spectra 
of the LIRGs are shown as red and blue dots, respectively. The 
low-resolution (SL module) IRS spectrum is shown as a black line 
(for IC 4518W an IRS spectrum is not publicly available yet). The 
Spitzer spectra were extracted with CUBISM from mapping-mode 
data (see lPereira-Santaella et al..2009ai . for more details). We used 
an aperture of 5.4" X 5.4" for the extraction, except for the south- 
ern nucleus of NGC 3256 for which we used a 3.7" X 3.7" aperture. 
The labels and fits are as in Figure |3] [See the electronic edition 
of the Journal for a color version of this figure] . 



both. 



5.2. NGC 5135 



The central 5" x 5" region of this galaxy is known 
to host a Compton-thick Seyfert 2 nucleus as well as 
a number of brigh t Hi i regio ns ("Levenson eTaT'^Op; 
[Gonzalez Delgado et al.l l2Cioil : Bedregal et al. 2009). 
Our MIR imaging data showed that the AGN is only 
contribi iting about 25% of the MI R emission in this 
region (jAlonso- Herrero et all [2006al) . The IRS spec- 
trum (Figure [5]) shows intense 8.6 and 11.3 /im PAH 



features, indicating the presence of star formation, as 
well as [S iv]10.51 /im and [Neii]12.81 /im line emission, 
and a hint of the [Ariii]8.99/im emission line. Out- 
side the ground-based A^-band spectral range the IRS 
spectra display evidence for the presence of the AGN in 
the form of high-excitation emission line s and a stron; 
dust continuum at 6 iim (seeiA lonso- Herrero. 
iPereira-Santaella et al.|[2009al ). From the IRS spectrum 
alone it is not clear whether the spectral features are 
being emitted by the same source (see Figure [Ij . The 
T-ReCS nuclear spectrum is almost featureless, except 
for the [S iv]10.51 /im and the [Neii]12.81/tm emission 
lines. The comparison between the line fluxes from the 
IRS and the T-ReCS spectra shows that the AGN of 
NGC 5135 is responsible for a large fraction, at least 
50% (this is a lower limit, since we are not correcting for 
aperture), of the [S iv] 10.51 /xm line emission measured 
from the IRS spectrum (see Table!?]). The [Neii] 12.81 /im 
emission on the other hand is coming mostly from extra- 
nuclear regions. It is also worth noting that the T- 
ReCS nuclear spectrum does not display PAH emission 
(although the 11.3 /tm PAH may be marginally present) 
or [Ar iii]8.99 /im line emission. We can conclude from 
the T-ReCS spectroscopy that the star formation in this 
galaxy is mostly circumnuclear (>150pc) rather than 
nuclear. 

In contrast, both the integrated T-ReCS spectrum of 
NGC 5135 and the kpc-scale IRS spectrum show the 
same features, including the PAHs. The similarity be- 
tween both spectra seems to indicate that the PAH emis- 
sion does not vary strongly from region to region within 
the central kpc of NGC 5135. The T-ReCS nuclear spec- 
trum of NGC 5135 has a shallower Sig.y^m feature than 
that of the integrated spectrum (see below). 

5.3. NGC 7130 

NGC 7130 also hosts a Compton-thick Seyfert 2 nu- 
cleus, as well as star forma t ion within the central 
~ 150 pc (jLevenson et al.|[2005t [Gonzalez Delgado et al.l 
I1998D . The IRS spectrum shows both AGN and star for- 
mation features |Pereira-Santaella et al. 2009a). How- 
ever, unlike NGC 5135, our T-ReCS imaging data of 
NGC 7130 show a resolved nucleus (FWHM ~0.45") 
suggesting that in this region th e star formation and 
the AG N emissions are still mixed ()Alonso-Herrero et al.l 
I2006al) . Indeed, Figure [S] shows that the T-ReCS nu- 
clear spectrum of NGC 7130 displays the [Siv] 10.51 /im 
and [Ne ii] 12.81 /im emission lines as well as the 8.6 
and 11.3 /im PAH features. The presence of PAH fea- 
tures in the nuclear spectrum clearly indicates that 
there is star formation in the very nuclear region (< 
100 pc) of NGC 7130, as well as in regions surround- 
ing it (at distances of several hundreds of pc). Nev- 
ertheless, at least half of the [S iv] 10.51 /im emission 
measured in the Spitzer spectrum is contained within 
the inner 0.36" x 0.72" probed by the T-ReCS nuclear 
spectroscopy (see Table [7|). In contrast, most of the 
[Ne ii] 12.81 /im emission is steming from regions outside 
the central 0.36" x 0.72" region of this galaxy. 

6. THE STRENGTH OF THE 9.7 ^tm SILICATE FEATURE IN 
STAR-FORMING REGIONS AND AGNS 

The spatially-resolved information afforded by the T- 
ReCS spectroscopy allows us to study in detail the be- 
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TABLE 7 

Integrated Fluxes of Spitzer IRS Spectra 



Nucleus 


8.6AtmPAH 


/ 


[Siv] 


/ 


11.3 Mm PAH 


/ 


[Neil] 


/ 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


NGC 3256 (N) 


342 


2% 






458 


3% 


267 


5% 


NGC 3256 (S) 


53 








103 




60 


4% 


NGC 5135 


66 




11 


47% 


172 




67 


8% 


NGC 7130 


37 


15% 


5.7 


44% 


87 


13% 


41 


25% 



Note.- (1) Name. (2), (4), (6), and (8) Fluxes of the features in units of X 10"^"' ergs^^ cm"^. (3), (5), (7) and (9) Percentage of flux 
contained in the nuclear T-ReCS spectra. Note that the T-ReCS spectra have not been corrected for aperture, so these fractions arc lower 
limits. 

The values were measured from IRS spectra (SL module) and extracted with CUBISM from mapping-mode data and using an extraction 
aperture of 6.8" X 6.8" centered at the nuclei of the galaxies, except for the southern nucleus of NGC 3256 that was extracted with an 
aperture of 4.5" X 4.5" to avoid overlapping with the northern nucleus. 



Offset from nucleus (arcsec) 



Offset from nucleus (arcsec) 



havior of the 9.7 /iin silicate feature in the nuclear and 
circumnuclear regions of our LIRGs. The most intriguing 
result here is that the S'sig.T/^m, in general, is shallower 
towards the nuclei of the LIRGs than in the surrounding 
regions (see Figure[6]). We measure Sig.y^m strength val- 
ues for the innermost regions of the LIRG nuclei in the 
range of -0.5 (NGC 3256) to -0.7 (NGC 7130), while 
the extra- nuclear regions show values ranging from —1 
to up to —1.5. The Hll region in NGC 5135 also shows 
a mean value of ~ —1.2. The only galaxy that presents 
a different behavior is IC 4518W, which shows an almost 
constant value of the 5*319.7^111- This is not surprising 
however, as the AGN totally dominates the MIR nuclear 
emission of this LIRG and there is no hint for star forma- 
tion in the innermost regions of the galaxy. Interestingly, 
the Si9.7^ni strength in the high-excitation line region of 
IC 4518W (see Appendix [B|) is slightly lower than but 
comparable to that of the nucleus. 

One may think that intense PAH emission could be 
"artificially" increasing the continuum emission at the 
wings of the 819,7^^111 featurfl We used, however, the 
Spitzer IRS spectrum of the galaxies for estimating the 
real continuum at two wavelengths where the PAHs do 
not dominate the emission. In addition, the two meth- 
ods used to calculate the Ssig.T^nn (see §4.21 and Fig- 
ure |6l) yielded similar values, indicating that the tenden- 
cies seen in the spatial profiles of the Si 9.7^111 strength in 
our LIRGs are real. 

The nuclei of all these galaxies heat the nearby dust 
effectively. Because the same dust produces both the 
observed continuum and the silicate feature, radiative 
transfer effects determine the resulting feature strength. 
If AGNs are indeed located within clumpy environ- 
ments . they can p roduce only shallow silicate absorp- 
tions (iNenkova et a l. 2G08b). A clumpy geometry allows 
direct views of some hot, directly-illuminated cloud sur- 
faces whose emission fills in the absorption created by 
cold clouds. That is, even when the clumpy dust dis- 
tribution is extended, the temperature gradient along 
a clumpy torus is never high due to the probability of 
viewing hot, di rectly- illuminated clouds at all distances 
(jNenkova et al. 2008a). Therefore, the s ilicate feature 
remain s always weak (Ssig.y^m^ ~1; INenkova et alJ 
l2008bt ). A deeper absorption feature requires a steeper 

® Note that the 7.6 and 8.6 ^m PAH features are on the blue side 
of the T-ReCS spectrum, and the 11.3 and 12.7 ^m PAH complexes 
on the red side. 




Offset from nucleus (; 



Fig. 6. — Spatial profile s of the Sig.r^m feature strength for each 
LIRG (pink profiles; see ^4.2l for details on the calculation). Lower 
values of the strength imply higher absorptions, and viceversa. The 
open diamond symbol is the Si 9.7 strength as measured from 
the integrated T-ReCS spectrum of the galaxy using its IRS spec- 
trum to calculate the continuum emission outside the feature. The 
pink dashed line also mark this valu e. The gray profiles were de- 
rived using the alternative (see i|4.2ll . The results from both meth- 
ods agree within the uncertainties. The shaded regions mark the 
positions of the regions of interest (see Figure[T] orange dots). [See 
the electronic edition of the Journal for a color version of this 
figure]. 



temperature gradient, as radiative transfer computations 
demonstrate ([Levenson et al.ir2007[) . An optically and ge- 
ometrically thick smooth dusty medium can provide this 
temperature gradient. 

In the case of NGC 3256, where the nuclear starburst is 
compact, the immediate dusty surroundings remain hot. 
Without a strong temperature gradient, the nuclear sil- 
icate absorption is weak. The dust farther (> 100 pc) 
from the nucleus is somewhat cooler, without producing 
such a hot continuum. More importantly, the dust dis- 
tribution in the off-nuclear extended star-forming regions 
of NGC 3256, NGC 5135, and NGC 7130 can be opti- 
cally and ge ometrically thick, the refore showing deeper 
absorptions ([Levenson et al.|[20Q7D . Thus, we interpret 
these cases as the transition from either the clumpy or 
compact environment of an AGN or a nuclear starburst 
to the more smooth, extended dust distributions typical 
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of circumnuclear star formation. The AGN in NGC 5506 
offers another similar example, with a weaker silicate ab- 
sorption in the nucleus tha n in the surrounding extended 
regions (jRoche et al.ll20Q7[ ). 

On the other hand, the silicate strength remains 
roughly constant and large across the central region of 
IC 4518W. This is not characteristic of a clumpy envi- 
ronment but instead suggests foreground extinction by 
cool dust, possibly by a dust lane in this highly inclined 
galaxy. 

In general however, using a simple foreground dust 
screen geometry to estimate the optical depth across the 
nuclei of these LIRGs is not correct because of the exis- 
tence of multiple dust components at different tempera- 
tures (as explained above). In fact and due to this, it is 
because if we used a simple foreground dust screen model 
for calculating the extinction (i.e., the apparent ry, see 
t )4.2[) we would obtain lower extinctions for the LIRG nu- 
clei than for the surrounding regions (except in IC4518W, 
where the S'si9.7/jm is nearly constant). That is, we now 
know that the apparent 7319.7 (= — 'S'si9.7A'm) values 
found for the nuclei are only lower limits to the real ones 
because of the re-emission of the hot dust emission com- 
ponent (associated either to a clumpy geometry or a com- 
pact environment) near ^ 10 fim that is not accounted for 
by the screen model. 

The S'si9.7;im measured over the integrated spectra of 
galaxies (Figure El open diamonds) indicate that the ab- 
sorption is never very deep. Moreover, all LIRGs show 
almost the same strength (from ~ —0.6 to —0.8, ex- 
cept for IC 4518W which presents a deeper 5319.7^111 of 
— 1.45), closer to those values found in their nuclei rather 
than to those measured in the surrounding regions. In- 
deed, this is an expected result if we realize that these 
values are "luminosity-weighted" and that the flux in- 
cluded within our slits arising from these surrounding 
regions represents a low fraction of the MIR luminosity 
when compared with which is arising from the nucleus 
itself. The strengths measured in the T-ReCS integrated 
spectra are in agreement with those obtained from the 
IRS spectroscopy. 

7. THE [NEII] EMISSION 

The [Ne 11] 12.81 /im emission line lumi n osity scales 
with SFR in galaxies JRoche et al.l 119911: IHo fc Ketol 
I2007f) . IHo fc Keto (200% found a good empirical cor- 
relation between the sum of the [Ne 11] 12.81 /im and the 
[Nelll]15.55 fim emission lines and the Bra emission line 
for H II regions in the Galaxy, the Small and Large Mag- 
ellanic Clouds, and M33. They also calibrated theoreti- 
cally the SFR in terms of the [Ne 11] -I- [Ne ill] luminosity 
and found a good agreement between observations and 
theory. 

We support these conclusions showing here that 
[Ne 11] 12.81 /im scales with Paa, a direct tracer of the 
youngest (ionizing) stellar populations, on the physical 
scales probed by our data (~ 100 pcj^. Here and in the 
next section, we chose to use units of luminosity surface 
density (LSDs) to represent the luminosities of the re- 
gions because our galaxies are at different distances and 

We excluded the regions of IC 4518W from this section, since 
we do not find any clear evidence for star formation, as well as the 
Seyfert nuclei of NGC 5135 and NGC 7130. 




40 41 42 

log (L Paa [erg s"' kpc'"]) 



Fig. 7. — [Neil] 12.81 /tm LSD vs. Paa LSD (corrected for extinc- 
tion) for the star-forming regions in our LIRGs. Each datapoint 
represents a spatial position along the slit in steps of 0.36". The 
nucleus of NGC 3256 is marked with a big open symbol. The 
Seyfert nuclei of the remaining LIRGs have been excluded from 
the study. The regions of interest (when the data are available, see 
Figure [1} are marked with big filled symbols. [See the electronic 
edition of the Journal for a color version of this figure] . 



were observed with different slit widths. 

Figure [7] compares the [Ne ll] 12.81 /tm and Paa 
LSDs for the star-forming regions in our sample of 
LIRGs. Each point in these figures represents a spa- 
tial position along the slit in 0.36" bins. We esti- 
mated the ex tinction to each s t ar-for ming regions as 
explained by iDiaz-Santos et al.1 (|2008[ ) and corrected 
the [Ne II] 1 2 . 8 1 /xm and Paa LSDs for it using the 
ICalzetti et all (|2000D extinction law (see gH). There 
is a tight correlation between the [Ne 11] 12.81 /tm and 
Paa LSDs (Figure [7]). Furthermore, this correlation is 
common to the regions of all LIRGs and spans about 2 
orders of magnitude. We fitted the datapoints above 
log(L Paa [erg s"^kpc~^]) =40.5. The 3 outliers with 
log(L Paa [erg s~^ kpc^^]) below 40.5 are from regions 
just above the detection limit of the [Ne 11] 12.81 /im line 
and therefore the measurements are very uncertain. We 
found: 

log([iVe//]) = (0.28 ±0.90) + (1.00 ±0.G2)log(Paa) (2) 

where the [Ne 11] 12.81 /im and Paa lines are in LSD 
units (erg s~^ kpc~^). The scatter around the trend 
is - 0.2 dex. The slope of the fit is 1.00±0.02 
and therefore the correlation is linear, suggesting that 
the [Neil] 12.81 /im emission is effectively tracing the 

youngest ionizing stellar populations in LIRGs. 

Thi s correlation is similar to that found by iHo fc Ketol 
(|2007D but without including the [Ne ill] 15.55 /im line 
contribution. The fact that the [Ne 11] 12.81 /im luminos- 
ity is directly proportional to the Paa luminosity with 
a unity slope is in agreement with the relatively low 
[Ne III] 15.55 /im/[Ne 11] 12.81 /im nuclear and integrated 
ratios observed in most of our LIRGs from our kpc- 
scale Spitzer IRS observations ()Alonso-Herrero et al.l 
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I2009bt [Pereira-Santaella et al.ll2009at ). This may be ex- 
plained in terms of the ages probed by our regions: 
~ 5.6 — 6.7 Myr. Indeed, photo-ionization models pre- 
dict for starbursts up to ~6Myr that: (a) the neon 
atoms are no longer double ionized (Ne^^); and (b) 
the [Nell] 12 .81 /im/Paa ratio does not vary significantly 
(IDopita et a l. 20 06t IGroves et al. 2008; Thornlcy ct J] 
2000: 'M artin-Hernandez et al.l 120051: iRigbv fc Riekg 
2004 .Sniiders et al.ll2007D . This is in agreement with 
our star-forming regions, which present a rather con- 
stant [Ne ll] 12.81 /im/Paa ratio as a function of their age 
(log( [Neil] 12.81 /im/Paa) ~ 0.3 ± 0.2). 

Therefore, the [Neii] 12.81 /im emission line alone can 
be used as a good tracer of the SFR, provided that the 
regions are not dominated by extremely young stellar 
populations (<< 5 — 6Myr) and/or have low met allicity, 
which is in agreement w ith previous results (Roc he et al.l 
119911: IHo fc Ketoll2007l) . For example, this is the case for 
the observations obtained with Spitzer of local LIRGs, 
whose integrated properties are very similar to the phys- 
ical conditions in which the [Ne i ij 12.81 /xm emission line 
can be used as a SFR indicator ([Pereira-Santaella et al.l 
l2009aD . Moreover, if the populati on of LIRGs found by 
Spitzer at cosmological dist ances (jLe Floc'h et al.|[2005l : 
IPerez-Gonzalez et al.l I2005f) turn out to be the high- 
redshift counterparts of those detected in the local Uni- 
verse (not only in luminosity but also in their physical 
properties), this relation could be also applied to them, 
allowing to calculate the SFR of this important popula- 
tion of LIRGs in a simple manner. 

8. THE PAH EMISSION 

The good correlation between the integrated PAH 
emission and the IR luminosity of high metallicity star- 
bursts and ULIRGs seems to indicate that the PAH 
emission is tracing the star formation proces ses at least 
on large scales (iBrandl et al.l 120 06: Farrah e t al.l 120071: 
Smith et al l 120071: iWeedman fc Houck .2008) . Indeed, 
Farrah et a l. ( 2007) derived from integrated MIR spectra 
of ULIRGs a SFR calibration based on the luminosity of 
the 6.2 plus the 11.3 /imPAH features through the corre- 
lation of these with the luminosity of the [Neii] 12.81 fim 
and the [Ne ill] 15.55 /im emission lines. 

As can be seen in Figure El the 11.3 /im PAH and 
Paa LSDs seem to be broadly correlated on the scales 
of a few hundred parsecs probed for our LIRG star- 
forming regions. However, this trend is not as tight as the 
[Ne ii] 12.81 /im vs. Paa relation an d the slope is consid - 
erably lower (0.48±0.03). Similarly. [Peeters et al.l (pOOl 
found that Galactic H ii regions do not show a very tight 
correlation between their 6.2 /im PAH luminosities and 
their number of ionizing photons. Moreover, Figure |8] 
shows that, individually, the star- forming regions of each 
LIRG appear to show their own trend. For example, 
the star-forming regions of NGC 3256 show quite low 
11.3 /imPAH LSDs for a given Paa LSD when compared 
with those of NGC 5135. In addition, the regions of 
NGC 5135, unlike those of NGC 3256 and NGC 7130, 
show a very weak dependence of the 11.3 /im PAH on 
the Paa LSD. Therefore Figure |S] suggests that the PAH 
emission in the star- forming regions of LIRGs differs from 
galaxy to galaxy n ot only in its total luminosity (see also 
iSmith et al.l 120071 ) but also in relation with the ionizing 
stellar populations. 
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Fig. 8.— 11.3/imPAH LSD vs. Paa LSD (corrected for extinc- 
tion) for the star-forming regions in our LIRGs. Each datapoint 
represents a spatial position along the slit in steps of 0.36". The 
nucleus of NGC 3256 is marked with a big open symbol. The 
Seyfert nuclei of the remaining LIRGs have been excluded from 
the study. The regions of interest (when the data are available, see 
Figure [y are marked with big filled symbols. [See the electronic 
edition of the Journal for a color version of this figure] . 



The metallicity of the star-forming regions, and in par- 
ticular low-metallicity environments, is known to have 
a strong impact on the observed PAH emission (e.g., 
Madd _ cn ct al. 2006 ; Emgclbracht et al. 2006; Wu et alj 
I2OO6I: ICalzetti et al.ll2007D . MetaUicity is not likely to 
have a strong effect on the observed PAH properties of 
the LIRG star-forming regions since all the galaxies have 
similar oxygen abundances (see Table [1]). For a fixed 
metallicity, the hardness and the intensity of the radia- 
tion field are also believed to p lay an important role in 
the PAH energetics (,Wu et al.ii2(j06l: IGordon et a l.ir2008'). 
In the next sections we investigate the effects of both 
on the observed PAH emission of star-forming regions in 
LIRGs. 

8.L The Age of the Ionizing Stellar Populations 

At a given metallicity, the hardness of the radiation 
field is a strong function of the age of the ionizing pop- 
ulations. The radiation field decreases with age as stars 
evolve off the main sequence, but it also shows a tem- 
porary increase when the most massive stars e nter the 
Wolf-Rayet phase (see e.g.. iSniiders et ai]|2007D . In this 
section we use the age of the ionizing stellar populations, 
as probed by the Paa EW, as an approximate proxy for 
the hardness of the radiation field. 

Despite the relatively narrow range of ages (~ 3.5 — 
7 Myr) of our star- forming regions. Figure [S] clearly shows 
that the 11.3/imPAH/Paa ratio depends on the age of 
the ionizing stellar populations in the sense that more 
evolved regions show higher 11.3/imPAH/Paa ratios. 
This tendency is mainly (but not only) caused by the 
decrea sing of the Paa emissio n during this period (as 
seen in IDfaz-Santos et al.ll2008l ). In addition we can also 
see that the trend is common to all star-forming regions 
in our sample of LIRGs. This is in agreement with our 
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Fig. 9. — 11.3 /.im PAH/Paa ratio (corrected for extinction) vs. 
Paa EW for the star-forming regions in our LIRGs. Each datapoint 
is as in Figure [7] [See the electronic edition of the Journal for a 
color version of this figure] . 



results in 'Dia z-Santos et all ()2008[ ) that showed that the 
8 /im luminosity (8.6 //m PAH -I- continuum emission) of 
LIRG Hli regions is correlated with their age. This 
may suggest that: PAHs may trace B stars (i.e., recent) 
rather than O stars (i.e., current star formation; see e.g., 
iPeeters et al.lf200^ . and/or that at the earliest stages of 
the star formation, PAHs may be destroyed by the hard 
radiation fields of the youngest massive stars. However, 
the later explanation is unlikely since in our sample of 
LIRGs we do not see evidence for radi ation fields hard 
enough (jPereira-Santaella et alj I2009af ) to explain the 
low 11.3^mPAH/Paa ratios observed in the youngest 
regions in terms of the destruction of the PAH carriers 
(at least at the spatial scales probed in this study). 

We conclude then, as we did for th e 8 /xm monochro- 
matic (PAH -I- continuum) luminosity (jPiaz-Santos et aTl 
I2008D . that the 11.3 ^m PAH luminosity, unlike the 
[Ne ii]12.81 /xm emission line, is not a good tracer of the 
current star formation when measured on scales of a few 
hundreds of pc. Thus, in order to use the PAH emis- 
sion as a measure of the global SFR in LIRGs (or in 
galaxies in general), the calibration must be done us- 
ing integrated emission of galaxies, where all t hese local 
physical properties are averaged out (see also IWu et alJ 
[20051: lAlonso-Herrero et"alll2006bl: iBrandl et all20Q6[ ). 

8.2. The Density of the Radiation Field 

In Figure [S] we showed the evolution of the 
11.3/.tmPAH/Paa ratio as a function of the hardness 
(age) of the starburst only. In this section we study 
the variation of the 11.3/xmPAH/[Neii]12.81/Ltm ratio 
(equivalent to the 11.3/.tmPAH/Paa ratio) as a function 
of the [Neil] 12.81 /im LSD, i.e., as a function of the den- 
sity of the radiation field, which takes into account not 
only the hardness (age) but also the intensity (mass den- 
sity) of the starburst. Figure [TU] shows that star- forming 
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Fig. 10.— 11.3 /imPAH/[Nell] 12.81 /tm ratio vs. [Nell] 12.81 /im 
LSD (corrected for extinction) for the star-forming regions in our 
LIRGs. Each datapoint is as in Figure [T] The orange open di- 
amonds are the nuclei of star-forming galaxies in the sample of 
[Roche et al.l (1991) for which measurements of the [Nell]12.81 fim 
line and the 11.3 /im PAH (not corrected for extinction) are avail- 
able. As explained in the text, the 11.3/imPAH/[Nell]12.81/tm 
ratio increases with the decreasing of the hardness of the radiation 
field (decreasing of the [Nell] 12.81 fim LSD) due to the ageing of 
the star-forming regions. On the other hand, the intensity of the 
radiation field (in the sense of the mass density) of the starburst 
docs not affect the 11.3/imPAH/[Nell]12.81/tm ratio but modi- 
fies the [Noll] 12.81 /im LSD and causes the spreading of the data 
along the x-axis (sec the nuclear regions of NGC 3256). [See the 
electronic edition of the Journal for a color version of this figure]. 



ratios. This tendency is further supported by the obser- 
vation s of the H ii-like nuclei in the sample of lRoche et alJ 
(fTOQll Fl. In fact, the trend seen in Figure fTOl is connected 
to the age effect we discussed in ij8.1l since, as it is said 
above, the density of the radiation field depends on the 
hardness (age) of the starburst. 

On the other hand, despite the star-forming regions 
in the inner <l"~200pc of NGC 3256 have larger 
[Neii]12.81/im LSDs than those in NGC 5135 and 
NGC 7130 (see Figure [TO]), they do not show sig- 
nificantly lower 11.3 /imPAH/[Neii] 12.81 /im ratios but 
instead rather constant values. Given that the age 
range of these regions of NGC 3256 is quite narrow 
(see Figure [9]), we can attribute the enhancement of 
the [Neil] 12.81 /im LSD and the constantness of the 
11.3/imPAH/[Ne ii]12.81 /im ratio to a mass escalation 
of the starburst with the [Neii]12.81 /im LSD (through 
its dependecy on the mass density), which increases as 
we move towards the nucleus. Therefore, for the case 
of these regions, we interpret LSD units as a measure of 
the intensity (not hardness) of the radiation field in the 
sense of luminosity (or, equivalently, number of ionizing 
photons) per unit of physical area, that is, as a mea- 
sure of the mass density of the starburst. In fact, there 
exist a correlation between the [Ne ii]12.81 /im LSD and 
the Paa EW for the star-forming regions in our LIRGs 
that holds except for the nuclear regions of NGC 3256. 
In turn these present an enhanced [Neil]12.81/im LSD 



regions in LIRGs with high values of the 
LSD tend to display lower 11.3 /im PAH/ 
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11 The data of lRoche et~all llT99ll) are not corrected for extinc- 
tion. 
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without increasing their Paa EW. This is in agreement 
with our interpretation and supports the idea of that 
it is the mass density of the starburst which is larger 
towards the nuclei of NGC 3256, and that the age 
does not play any role in this case. This behavior is 
not unexpected since a more massive (denser) starburst 
will have a higher [Ne ii] 12.81 /im LSD but the same 
11.3/.tmPAH/[Neii]12.81 /xm ratio than a less massive 
one because the hardness of the radiation field is not 
modified (only its intensity). Moreover, in general, the 
scatter of the data in the horizontal direction in Fig- 
ure [10] could be explained as an effect of the mass den- 
sity of the starburst (even for those regions that presents 
a dependence of the 11.3/imPAH/[Ne ii]12.81 /im ratio 
with the age) . Unfortunately the nuclear regions of both 
NGC 5135 and NGC 7130 host an AGN, and thus cannot 
be used to explore the effects of higher density radiation 
fields in star-forming regions in LIRGs. In any case, our 
data suggest that it is only the age (hardness), but not 
the mass (intensity) of the starburst that modifies the 
11.3/.tmPAH/[Neii]12.81/im ratio as a function of the 
[Neil] 12.81 /zm LSD (or equivalently Paa LSD; see Fig- 
ure [ini). 

The intensity of the radiation field, however, does have 
an effect on the EW of the 11.3 /im PAH feature. Fig- 
ure [11] shows that there is a trend of the 11.3 /im PAH 
EW to have lower values for increasing Paa LSD (equiv- 
alent to [Ne il] 12.81 /im LSD). This tendency is mostly 
driven by the star-forming regions of NGC 3256 (and the 
two Hii regions of NGC 7130) and therefore is related 
to the mass of the starburst, not the age (see above). 
Hence, given that the 11.3 /imPAH/[Neii] 12.81 fim ratio 
of these regions is not varying with the [Ne ii] 12.81 //m 
LSD we could argue that, for a given age, the more mas- 
sive (denser) is a star-forming region, the stronger is the 
continuum at 11.3 /im with respect to its 11.3 /^mPAH 
emission (i.e., the lower is the 11.3 /imPAH EW). There- 
fore our data suggest that the PAHs (at least in these 
regions and at the spatial scales probed here) are not 
destroyed by the fact of being exposed to more massive 
starbursts but instead they are being diluted by the en- 
hanced continuum emission. This dilution could be due 
to smaller surfaces of the PDRs (from where the PAH 
emission arises) when compared to the volumes of the 
c ontinuum emittin g dust for more massive starbursts. 

iWu et afl ()2006[ ) also established that the density 
(hardness and intensity) of the radiation field has an im- 
pact on the PAH emission of low-metallicity blue com- 
pact dwarf galaxies, and now our study reveals that 
this effect is also present in the relatively high metal- 
licity star-forming regions of LIRGs. However, our work 
also suggest that, at least for the age and metallicity 
ranges of our star-forming regions, a higher radiation 
field intensity (in the form of a more massive starburst) 
causes the dilution of the PAHs (i.e., a decreasing of 
the 11.3 /im PAH EW, in this case) but not their de- 
struction (since the 11.3/imPAH/[Neii]12.81/zm ratio 
is not modified). Therefore our data support the PAH 
dilution scenario also claimed by other studies of low- 
redshift ULIRGs tPesai et al. 2007) and high-redshift 
SMGs (jMenendez-Delmestre et al.ll2009( ). The destruc- 
tion of the PAHs (if it would be taking place) would be 
related to the age of the star-forming regions (hardness 
of the radiation field). 
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Fig. 11. — 11.3 /xm PAH EW vs. Paa LSD (corrected for extinc- 
tion) for the star-forming regions in our LIRGs. Each datapoint 
is as in Figure [7] [See the electronic edition of the Journal for a 
color version of this figure] . 



Moreover, the diffuse regions located in between 
the Hii, Paa-emitting regions of our LIRGs show 
11.3 /im PAH EWs larger (approximately twice) and 
11.3/imPAH/[Neii]12.81/im ratios higher than those 
measured in the Hii regions (see, e.g.. Figure [T7|) . 
This is in agreement with the idea of these dif- 
fuse regions being less massive (have lower intensi- 
ties, implying higher 11.3 /xm PAH EWs, see above) 
and older (have milder radiation fields, implying higher 
11.3/imPAH/[Neii]12.81/im ratios) than the Hii re- 
gions, as it was suggested in i j8.1l This also reinforces 
the idea of the PAH dilution scenario in which the Hii 
regions would be diluted by the enhanced dust contin- 
uum emission that is not otherwise seen in the diffuse 
regions. 

Sumarizing, we have shown that the PAH and MIR 
continuum emitting regions are not always spatially over- 
lapped and display different properties. For example, 
the MIR dust continuum is mainly associated with mas- 
sive, young, Paa-emitting Hii regions, i.e., with cur- 
rent star formation. The PAH emission on the other 
hand is also characteristic of more diffuse (less massive) 
and evolved stellar populations, i.e., of recent star for- 
mation, that show large 11.3 /im PAH EWs and high 
11.3/imPAH/[Neii]12.81/im ratios. This is very im- 
portant from the point of view of knowing how recent 
and where is located the star formation in LIRGs (ei- 
ther ^ 8 — lOMyr or tens of Myr). Depending on the 
measurement used (MIR dust continuum or PAH emis- 
sion), different stages in the process of star formation 
and different locations in galaxies will be probed. There- 
fore, high spatial resolution observations of local and also 
high-redshift LIRGs are essential to determine: (1) how 
recent and (2) where is located the star formation in these 
galaxies (compact Hii regions and/or diffuse emission?) 
in a statistical way. This is also ultimately important in 
order to know whether local and high-z LIRGs, ULIRGs 
and SMGs share the same physical properties and belong 
to the same galaxy population. 
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9. SUMMARY 

The high spatial resolution afforded by Gemini T-ReCS 
has allowed us to resolve the nuclei and star-forming re- 
gions in our sample of LIRGs on hundred pc scales. In 
addition, we have been able to separate the AGN contri- 
bution (if any) from that of the star formation. 

By comparing the nuclear and integrated T-ReCS 
spectra with those obtained with Spitzer IRS we find 
that, for LIRGs containing an AGN, at least half of the 
[S iv] 10.51 /im emission arises from the central ^ 150 pc. 
We have shown that the T-ReCS spectrum of the South- 
ern nucleus of NGC 3256 is very obscured and is totally 
absorbed between 9 and 11 /zm, in contrast to the conclu- 
sion reached from the IRS spectrum since it is contam- 
inated by emission from the diffuse medium that sur- 
rounds it. Therefore, only with the combination of the 
exceptional sensitivity of Spitzer and the high spatial 
resolution of T-ReCS, we can gain a clearer and less con- 
fused picture of the central regions of the LIRGs. 

• Regarding the individual study of the LIRGs (in 
the Appendix): 

For NGC 3256 we have shown that the integrated 
spectrum of the northern nucleus is very similar 
to that of the very nuclear region (0.36" x 0.36"), 
with prominent 8.6 and 11.3 /im PAH features and 
an intense [Ne ii] 12.81 /im emission line. On the 
other hand, the spectrum of the southern nu- 
cleus is extremely absorbed and no emission is de- 
tected between 9 — 11 /im. IC 4518W shows ex- 
tended [S iv]10.51 /im line emission out to ^0.8" 
(~ 265 pc) to the north of the nucleus. We have 
interpreted this high excitation region as a signa- 
ture of the presence of a narrow line region. For 
NGC 5135 we have separated the unresolved AGN 
component from that of the surrounding H ii and 
diffuse regions. The Sy2 nucleus of NGC 5135 ac- 
counts for at least 50% of the [S iv] 10.51 /im emis- 
sion of the LIRG. The Hii region and the diffuse 
medium display intense 11.3 /im PAH emission with 
the latter showing a greater EW. We have resolved 
the nucleus of NGC 7130. However, the emission 
from the Sy nucleus and that of the surrounding 
star-forming regions are still mixed on scales of ^ 
100 pc. Both, the very nuclear (0.72" x 0.36") and 
the integrated (0.72" x 3.6") spectra show the same 
features: faint [S iv] 10.51 /xm emission and intense 
11.3/imPAH and [Neii] 12.81 /im emission. In all 
LIRGs we find that the PAH emission is always 
more extended than the Paa or [Ne ii] 12.81 /im 
emission suggesting that PAHs are not only associ- 
ated with the youngest ionizing stellar populations 
but also to a more diffuse medium. 

• Regarding the general conclusions: 

For NGC 3256, NGC 5135 and NGC 7130, the 
strength of the silicate feature is lower in the 
nucleus than in the surrounding regions. While 
we find a 53197^111— —0.5 for the Sy2 nuclei of 
NGC 5135 and NGC 7130, and also for H ii-like nu- 
cleus of NGC 3256, the extra-nuclear regions show 
values up to ~ -1.2. The nucleus of IC 4518W 
shows a deeper absorption, with 5319.7^111— -1-4. 



Such variations in the depth of the silicate feature 
have been also observed in some nearby Sy galaxies. 
We attribute the fact of observing lower values of 
the S'3i9.7;jm in the nucleus than in the surrounding 
regions to the transition from either the clumpy or 
compact environment of an AGN or young, nuclear 
starburst to the more smooth, extended distribu- 
tions of extra-nuclear star-forming regions. 

Both the [Neil] 12.81 /im line and the 11.3 /im PAH 
emission are related to the number of ionizing pho- 
tons as measured from the Paa emission line. How- 
ever, while we find that the [Ne 11] 12.81 /im and 
Paa LSDs are directly proportional for all the star- 
forming regions in our LIRGs (slope of 1.00±0.02), 
the trend seen between the 11.3 /im PAH and Paa 
LSDs, although clear, is different for the regions of 
each LIRG. 

The [Ncii]12.81 /im/Paa ratio does not depend on 
the Paa EW, that is, on the age of the ionizing stel- 
lar populations, suggesting that the [Neil] 12.81 /im 
line can be used as a good tracer of the SFR in star- 
forming regions in LIRGs. On the other hand, the 
11.3/imPAH/Paa ratio is strongly dependent on 
the Paa EW, and increases as the star-forming re- 
gio ns age, in agreeme n t with the findings obtained 
by iDiaz-Santos et al.1 ()2008[ ). This adds support 
to the scenario in which PAHs are better trac- 
ers of recent (tens of Myr) rather than of current 
(< 8 — 10 Myr), massive star formation. 

The 11.3/imPAH/[Neii]12.81/im ratio (equivalent 
to the 11.3/imPAH/Paa ratio) also varies with the 
[Ne 11] 12.81 /im LSD, which depends not only on the 
hardness of the radiation field (age) but also on the 
intensity (mass density) of the starburst. However, 
the decreasing of the 11.3/xmPAH/[Neii]12.81 /im 
ratio with increasing [Ne 11] 12.81 /i,m LSD is only 
related to an age effect, in agreement with the 
findings above. The intensity of the starburst (in 
the sense of its mass density) does not seem to 
modify the 11.3/imPAH/[Neii]12.81/im ratio. On 
the other hand, the 11.3 /im PAH EW does not 
present a clear dependence with the age of the stel- 
lar population but it does (mainly for the nuclear 
regions of NGC 3256) with the intensity of the ra- 
diation field. We suggest that an increasing of the 
starburst mass density causes the PAH to be di- 
luted (through the increasing of the MIR contin- 
uum) but not to be destroyed. The MIR dust con- 
tinuum is mainly associated with massive, young, 
compact Hii regions, i.e., with current star for- 
mation (< 8 - lOMyr). The 11.3/imPAH emis- 
sion is rather more (but not only) characteristic 
of more diffuse (less massive) and evolved (tens of 
Myr) stellar populations, i.e., of recent star for- 
mation, showing large 11.3 /imPAH EWs and high 
11.3/imPAH/[Neii]12.81/im ratios. 

Disentangling the different effects on the energetics 
of the PAH features in star-forming regions is not 
straightforward and more observations are needed 
to draw statistically significant conclusions. There- 
fore we want to stress that high spatial resolution 
observations of local and high-z (U)LIRGs are es- 
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Fig. 12. — Integrated (blue dots) and nuclear (red dots) T-ReCS A^-band spectra of NGC 3256. The region of interest (green dots) in 
NGC 3256 is the southern nucleus of the galaxy (as extracted in the same way as the northern one). The integrated spectrum was extracted 
with a fixed aperture of 3.6" in length centered at the nucleus of the galaxy, while the nuclear spectra were extracted with a fixed aperture 
of 0.36". The labels are as in Figure [S] [See the electronic edition of the Journal for a color version of this figure]. 



sential to determine: (1) how recent and (2) where 
is located the star formation in these galaxies 
(compact Hll regions and/or diffuse emission?). 
This will allow us to investigate whether they 
share the same physical properties and therefore 
belong to the same galaxy population, providing 
ultimately the missed link between the local and 
high-redshift Universe when LIRGs dominated the 
SFR. 
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APPENDIX 

-A- NGC 3256: ISOLATED, SPATIALLY-RESOLVED STAR FORMATION 
Emission from Star-Forming Regions 

The northern nuclear spectrum of NGC 3256 (see Figure [121 if no specification is given, we will refer to the north- 
ern nucleus as the main nucleus of this LIRG) shows prominent PAH features (the 8.6 /im PAH feature and the 
11.3 /im PAH complex) which are indicative of intense star formation. This is corroborated by the presence of con- 
spicuous [Ne ii] 12.81 /im line emission. Furthermore, there is no hint for other lines such as [S iv] 10.51 /xm that could 
suggest the existenc e of an AGN (and/or very youn g sta r formation). Th e northern nucleus of NGC 3256 was pre- 
viously observed by iMartfn-Hernandez et al.l ()2006[ ) and iLira et all ()2008[ ) . Bot h works also detected intense PAH 
features and the [Neii]12.81 fj,m emission line. In an aperture of 1.2" x 3", iMart m- Hernandez et al. (2006) measured 
a flux of the [Neii]12.81 /xm emission line in the northern nucleus of NGC 3256 of 2.1 x 10~^^ergs~^ cm~^, which 
means that only ~ 6% of this flux is contained wit hin our T-ReCS nuclear aperture (about 30 times smaller than 
theirs). In addition, iMartm-Hernandez et al.l (|2006( ) also measured a 11.3/LtmPAH flux from the northern nucleus of 
2.5 X 1Q~^^ ergs~^ cm~^; the T-ReCS nuclear flux accounts for ~5% of their measurement. The T-ReCS integrated 
spectrum (not including the southern nucleus) displays the same features as its nucleus, but with both the 8.6 and 
11.3/xmPAHs and the [Neii]12.81 /im emission line showing larger EWs (see Figure [12] and Tables [5] and [6]) . 

The southern nucleus of NGC 3256 (the region of interest of this galaxy) is located ~ 5" to the south of the northern 
nucleus. It is behin d large amounts of dust even making the MIR wavelengths to be very affected by a high exti nction 
iAv> 12-15mag: lKotilainen et al.lll996l:lLira et al.ll200llAlonso-Herrero et al.ll2006at [Piaz-Santos et al.ll2008D . This 
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Fig. 13. — Spatial profiles of the flux (not corrected for extinction) of different features detected in the MIR T-ReCS spectra of NGC 3256. 
On the X-axis, the offset marks the position of the northern nucleus. From left to right and top to bottom: the 11.3 and 8.6/.imPAHs, 
and the [Nell] 12.81 /xm emission line. The dotted profile in each panel is the threshold limit for the detection of the feature. The black 
solid line is the Pa« profile as measured from the HST NICMOS images by simulating the same aperture size with which the T-ReCS 
spectra were extracted. The flux has been scaled to the maximum value of the spatial profile of the given feature. The black dashed line 
is the continuum emission proflle at the given wavelength, scaled in the same manner as the Pact proflle. The gray shaded column marks 
the location of the region of interest in each galaxy. For NGC 3256 the region of interest is the southern nucleus, located at ~ 5" to the 
south (negative offset) of the northern nucleus. Figure [T] shows how the slit was positioned over the galaxy. [See the electronic edition of 
the Journal for a color version of this figure] . 



is reflected in the A^-band T-ReCS spectrum as a deep absorption of the Si g.y^^m feature. Figure [T2] shows an extremely 
absorbed continuum whose emission is totally suppressed between 9 and 11 /im. The Hii cla ssification of this nucleus 
would impl y the detec tion of prominent 8.6 and 11.3 /imPAHs as in the northern one. In fact. lMartm-Hernandez at alj 
()2006l ) and iLira et al.l ([2008) find both features in their spectrum of the southern nucleus. We do not. The lack of 
PAH emission in the T-ReCS spectrum is probably due to that our aperture is much smaller than theirs implying that 
either the re is not PAH emission i n the very nuclear region or the extinction is that high {Ay > 12 mag, with A12 fim — 
0.037 Ay. iRieke fc Lebofskvlll985[ ) that prevents us from detecting the PAHs. In fact, their spatial resolutions and, most 
important, the size of their extraction apertures 2 x 2" w 390 x 390 pc) are > 5 times larger than ours (0.36" x 0.36" 
~ 70 X 70 pc). Therefore, their spectrum contains not only the emission from the nucleus but also from the surrounding 
regions, which includes diffuse continuum and PAH emission. Regarding the [Ne 11] 12.81 ^m emission line, the flux 
of the southern nucleus contained in our aperture is only ~ 10% that of Martin-Hernandez et al.'s, suggesting that 
probably much of the [Neil] 12. 81 /.tm emission they measure is mostly off-nuclear. 

Spatial Profiles: Differences Between Nuclear and Extra-Nuclear Star-Forming Regions 

We detect 8.6 /xm PAH emission at distances of about 1" (~196pc) north and south from the northern nucleus 
(see Figure [T3|). The 11.3 /xm PAH emission is even more extended, out to 2" to the north. Because the 8.6 /^m PAH 
detection threshold is higher than that of the 11.3 /^mPAH we can only measure it in the central regions. There is no 
PAH emission in the southern nucleus. The [Nc ii] 12.81 /im emission line is detected at almost all positions along the 
slit and, as with the PAH features, its nuclear emission is more extended than the continuum emission. 

Moreover, the spatial profile of the [Ne ii] 12.81 /xm emission is remarkably similar to that of Paa. In particular, 
the [Neil] 12.81 /Ltm emission is also detected in the southern nucleus. This agreement is not only qualitative but also 
quantitative as their ratio is almost constant along the slit. This finding is in agreement with previous results that 
suggest that the [Neii] 12.81 /im emission line is directly linked to t he total number of ionizing photons of a region, 
that is, to its star-formation rate (see ijTl and also lRoche et al.lll991l : IHo fc Ketoll2007l ) as traced by, e.g., the Paa line. 
The [Neii]12.81 /j,m/PaQ! ratio is broadly constant (it ranges between ~ 2 — 5, not corrected for extinction). However, 
small-scale variations (less than an arcsecond, i.e., few hundreds of pc) can b e found. Variations in the frac tion of 
Ne"*" ions, which in turn depends on the age of the ionizing stellar populations (jMartm-Hernandez et al.ll2005[ ). could 
be responsible for the [Neii]12.81 /im vs. Paa differences. 

The 11.3/8.6/imPAII ratio is constant along the slit indica ting that the ionization conditions (that are suggested 
to be traced by the amount of neutral to ionized PAHs; G alliano et al.l[20 08) do not vary significantly throughout the 
nuclear region of the LIRG on the physical scales probed here (~100pc). The 11.3/imPAH/[Neii]12.81/im ratio (not 
corrected for extinction) is also almost constant (~ 1) within 1" from the nucleus (see also Figure [rU]) . However, the 
ratio starts to increase towards the north (positive offset; between 1 — 2"). A very young population where all the 
Neon were in the Ne"'""'' state would show a high 11.3/xmPAH/[Neii]12.81/im ratio and would explain this behavior. 
However, the Paa EW map of the galaxy (see Dfaz-Santos et al. 2008) does not display any enhancement of the Paa 
EW in this area. In addition, we see a very good correlation (slope of 1.00±0.02, see ijT]) between the [Neii]12.81 /im 
and the Paa lines, indicating that all the star formation is accounted by the [Neii] 12.81 /zm emission. We refer the 
reader to H8. 21 with regards to the discussion on the 11.3/L(mPAH/[Neii]12.81/im ratio. 

The northern nucleus of the galaxy shows lower EWs of the [Neii] 12.81 /im emission line and 8.6 and 11.3 /im PAHs 
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Fig. 14. — Integrated (blue dots) and nuclear (red dots) T-ReCS A'^-band spectra of IC 4518W. The region of interest (green dots) of 
IC 4518W is an extended region seen in [Siv]10.51 emission located 0.5" to the north of the nucleus (the spectrum was extracted in 
the same way as the nucleus). The integrated spectrum was extracted with a fixed aperture of 3.6" in length centered at the nucleus of 
the galaxy, while the nuclear and the high-excitation region spectra were extracted with a fixed aperture of 0.36". The labels are as in 
Figure [3] [See the electronic edition of the Journal for a color version of this figure]. 

than its surrounding regions. This is probably because the features are diluted by the more compact continuum 
emitted by the hot dust that is concentrated towards the nucleus (see also and §8.2p . 

-B- IC 4518W: ISOLATED AGN ACTIVITY 
Signatures of the Sy2 Nucleus and a High- Excitation Region 

Unlike NGC 3256, the nuclear spectrum of IC 4518W displays a rather featureless continuum with the exception of 
the barely detected [S iv]10.51 /im emission line and the [Neii]12.81/im emission line (see Figure [T4|) . It is not clear 
whether the lack of PAH emission at both 8.6 and 11.3 //m can be interpreted in terms of absence of star formation, 
since the PAH molecules could have been destroyed by the Sy2 nucleus of the LIRG. As for NGC 3256, the nuclear and 
integrated spectra of IC 4518W are very similar. The integrated spectrum of the galaxy (see Figure [H]) also shows an 
almost featureless continuum as the nuclear one, as well as the presence of the [S iv] 10.51 /xm and the [Neii] 12.81 //m 
emission lines. An important remark here is that the flux of the [S iv] 10.51 /.tm line is larger for the integrated emission 
of the galaxy when it is subtracted from that of the nucleus, than for the nucleus itself. That is, for the rest of the 
LIRGs in which the [S iv] 10.51 /im line is detected, the nuclear emission accounts for at least or around half of the flux 
seen in their integrated spectra (compare Tables [3] and H] see also Appendix ICl and ID| the nuclear fluxes of IC 4518W 
and NGC 5135 have not been corrected for aperture effects). In other words, the [S iv] 10.51 /im emission line usually 
stems from the very nuclear region (< 100 pc) of the galaxies except for IC 4518W (see below). 

The region of interest of IC 4518W is a region located 0.5" (~ 165 pc) to the north of the galaxy. Its spectrum is very 
similar to that of the nucleus, not only in the shape of the continuum but also in its spectral features (see Figure [T4| . 
In fact, the [S iv] 10.51 /im emission line is as intense as in the nucleus. This is interesting because the nucleus of 
IC 4518W is unresolved (FWHM < 0.4"; see Table [2]) in continuum emission whereas the [Siv] 10.51 /im emission is 
clearly detected out to ~0.8" (~265pc) north from the nucleus. Indeed, this extended [Siv] 10.51 /im emission can 
explain the difference seen above between the nuclear and integrated spectrum of the galaxy. 

Spatial Profiles: Line Emission in Hard Radiation Fields 

Fig HH shows quantitatively that the [Siv] 10. 51 /<m line emission of the region located ~ 0.5" to the north of the 
nucleus (positive offset) is comparable to that of the nucleus. Although the [S iv] 10.51 /xm line can be produced in very 
young star-forming regions, we do not detect significant Paa nor [Ne Ii] 12.81 /im emissions spatially coincident with the 
[Siv] 10.51 /im extended emission. Moreover, we do not detect any of the two dominant 8.6 and 11.3/imPAHs in the 
spectrum of the Sy2 nucleus of this LIRG. Thus we conclude that the extended [Siv] 10.51 /im emission is most likely 
associated to the central AGN and produced in an extended narrow line region (NLR) excited by the Seyfert nucleus. 
Because of the intermediate ionization potential of the [Siv]10.51 /im line, it can be ionized by the AGN emission far 
away from the nucleus. This has already been found in other Sy2 galaxies, such as Circinus (jRoche et al.l 120061) or 
NGC 5506 (|Roche et al.ll2007D . where the [Siv]10.51 /im line is more extended than the dust continuum emission and 
has been associated to high-excitation (coronal or narrow line) regions. 

The change on the physical conditions between the nucleus and the location identified as the extended narrow line 
region is also shown by the [Neii] 12.81 /im/[Siv] 10.51 /im ratio. While it is approximately constant in the nucleus 
(almost ~ 3), the ratio steeply diminishes towards the [Siv] 10.51 nm. extended em ission region. The value measured in 
the nucleus is in agreement with the limit given bv lMartm- Hernandez et all (|2006f ). [Ne Ii]12.81 /im/[S iv]10.51 /im < 3, 
for sources with no PAH detection. They use the [Neii]12.81/im/[Siv]10.51/im ratio as a measure of the hardness 
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Fig. 15. — Same as Figure [131 but for IC 4518W. In this case, the flux spatial profiles of the [S iv] 10.51 fim (left) and [Nell] 12.81 fim (right) 
emission lines are shown. No PAH emission was detected. [See the electronic edition of the Journal for a color version of this figure]. 

of the radiation field. A higher [Ne ii]12.81 /im/[S iv]10.51 /im ratio implies a softer medium, where PAH emission 
would be detected. Our values are always below this limit along the slit, in agreement with the lack of PAH emission 
in this galaxy. The EWs of the [Siv] 10.51 fim and the [Neii] 12.81 /xm lines show their lowest values in the nucleus, 
increasing slowly outwards. This is again an effect of the continuum emission being more spatially compact than the 
line emission. 

-C- NGC 5135: SEPARATED, SPATIALLY RESOLVED SF AND AGN ACTIVITY 
From an Isolated Sy2 Nucleus to a Circumnuclear Hu Region 

The Seyfert 2 nuclear spectrum of NGC 5135 shows intense [Siv] 10.51 ^m line emission (see Figure [T6l) . suggesting 
a relatively high ionized medium in agreement with its classification as Seyfert. There is also faint [Ne ii] 12.81 /im 
line emission probably associated with the central AGN as well. Although quantitatively speaking there is no PAH 
emission, there seems to be a little bump and a peak on the spectra at the positions where the 11.3 /xmPAH should be. 
Following the evidence above, the PAHs are supposed to be depleted in the vicinity of an AGN but in some cases, the 
molecules can surv ive to the radiation field if they are shielded, for example, by the star formation itself (Voit 199J; 
iMason et aDl2007l ). If this was the case, we could not definitively affirm that there is no star formation in the nuclear 
region (central ~ 100 pc) of NGC 5135. In any case, the AGN effectively dominates the MIR luminosity of the nucleus 
and the star formation would account for a very small fraction of it, and if there is any, it must be at a very low level 
compared with that taking place in the circumnuclear region (see below). Contrarily to NGC 3256 and IC 4518W, 
the integrated spectrum of NGC 5135 shows significant differences when compared to its nuclear spectrum. I n this 
LIRG the MIR AGN emission is clearly separated from that of the star formation (see iDfaz- Santos et al.|[200l . The 
integrated spectrum includes not only the emission from the nucleus but also the emission arising from an H II region 
located at about ~ 2.6" south-west, and from the diffuse region between both (see Figure [T]). 

Both the Hii and the diffuse emission region of NGC 5135 (the two regions of interest of this galaxy; see Figure [T] 
and Figure [TB)) exhibit strong 11.3 /xmPAH emission. The MIR continuum near the edges of the spectrum is however 
significantly brighter in the Hii region. Thus, the diffuse ISM of NGC 5135 is characterized by intense PAH emission 
but by a fainter continuum emission from hot dust when compared with that of the Hii region. The 11.3 /im PAH EW 
at the diffuse region is 2 times higher 1 ^m) than that measured at Hii region ('^0.5/im). This is expected if the 
typical stellar populations in the region of diffuse emission are not extremely young (< lOMyr) neither very massive, 
which is in agreement with the presence of weak Paa emission. Therefore, the lack of a hot dust continuum (associated 
with the Paa emission) in the diffuse region would make its 11.3/imPAH EW larger than in the Hii region, supporting 
the PAH dilution scenario in star- forming regions (see discussion in ii8.2[) . 

On the other hand, the extinction could play a role in this situation. If the PAH and continuum emissions are 
decoupled, that is, arise from different regions, they can be obscured by different amounts of cold dust, thus leading 
to different extinctions. There is a correlation bet ween the Paa LSD o f sta r-forming regions and th eir obscuration 
(brighter regions are affected by higher extinctions: iCalzetti et all 120071 : and iDfaz-Santos et al.l[2008l their figure 9). 
Therefore, if the H II region (that shows bright Paa emission) is more absorbed than the diffuse medium, the strength 
and shape of the Sig.y^m absorption feature would make the continuum of the Hii spectrum to be deeper at 10 /im 
when compared to the emission at 8 or 13 //m. This is in agreement with what we see in Figure [TBI where the diffuse 
region shows a shallower spectrum. However, this is difficult to test since our data do not enable us to probe the 
geometry of the regions in detail or how the dust is distributed. 

Spatial Profiles: Tracers of AGN and Star Formation Activity 

NGC 5135 is a clear example where star formation and AGN activity are well separated (see Figure [1]) with our 
T-ReCS spatially resolved spectroscopy. While we find 11.3 /um PAH emission outside (> 0.5") the nucleus but not 
within it, the [Siv] 10.51 /im emission line is only detected in the central region (< 0.7"), with little overlap between 
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Fig. 16. — Integrated (blue dots) and nuclear (red dots) T-ReCS A'^-band spectra of NGC 5135. The regions of interest of NGC 5135 are 
an Hll region (green dots) located at ~2.6" from the nucleus, and the diffuse medium (orange dots) between this region and the nucleus, 
respectively. The integrated spectrum was extracted with a fixed aperture of 3.6" in length centered at the nucleus of the galaxy, while 
the nuclear spectrum was extracted with a fixed aperture of 0.36". The spectrum of the Hll region was extracted with the same aperture 
as the nucleus while the spectrum of the diffuse medium was extracted with an aperture of 0.72". The labels are as in Figure [H] [See the 
electronic edition of the Journal for a color version of this figure] . 
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Fig. 17. — Same as FigurcFlSlbut for NGC 5135. In this case, the flux spatial profiles of the 11.3 ^imPAH (top left), and the [Siv]10.51 fim 
(top right) and [Nell] 12.81 fim (bottom) emission lines are shown. No 8.6 /xm PAH emission was detected. [See the electronic edition of the 
Journal for a color version of this figure] . 



both features (see Figure [T7|) . 

As for NGC 3256, the spatial profile of the [Ne ii] 12.81 /im emission line follows well that of the Paa line. There 
is [Nell]12.81 /xm emission not only in the nucleus and in the Hii region located at 2.6" south-west (negative offset), 
but it is also detected in the Paa bump at ^0.8". However, unlike NGC 3256, which is classified as Hii, the nuclear 
[Ne ii] 12.81 /xm emission of NGC 5135 should be mainly associated to the AGN. Therefore we have scaled the Paa 
profile to the [Ne ii] 12.81 /im emission at the location of the Hii region as we found that, for star-forming dominated 
regions (as in NGC 3256), both emission lines correlate quite well (see Taking this into account, we can see that 
the nucleus shows a slightly higher [Neil] 12.81 /im/Paa ratio than the Hii region. This excess might be attributed to 
the extinction as the [Ne ii] 12.81 /im line is less affected by obscuration than Paa. 

Fig HZ] shows that the 11.3 /imPAH emission is not only produced by the youngest stellar populations as traced by 
the Paa line emission, but it is also detected in the diffuse ISM. This confirms that the PAH emission is associat ed not 
only to the ionizing stars but also t o the more evolved stellar populations and their UV fiux (see also, e.g., Peeters 'et alJ 
I2OO4I : iTacconi-Garman et al.ll2005| ). I.e., the spatial profile of the PAH emission profile does not resemble that of the 
Paa line (see also |J8|), and the diffuse region shows a 11.3 /imPAH intensity similar to that of the Hii region. On the 
other hand, the [Ne 11] 12.81 /im emission is fainter in the diffuse region and bright where there is an enhancement of 
the Paa line. 
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Fig. 18. — Integrated (blue dots) and nuclear (red dots) T-ReCS A'^-band spectra of NGC 7130. The region of interest (green dots) of 
NGC 7130 is an Hll region located at 9.5" to the north of the nucleus. The integrated spectrum was extracted with a fixed aperture of 3.6" 
in length centered at the nucleus of the galaxy, while the nuclear spectrum was extracted with a fixed aperture of 0.36" and the spectrum 
of the Hll region with an aperture of 0.72". The labels are as in Figure [3l [5ee the electronic edition of the Journal for a color version of 
this figure] . 



-D- NGC 7130: MIXED STAR FORMATION AND AGN ACTIVITY 

AGN and Star Formation Emissions Together within < 100 pc 

The MIR emission of the nucleus of NGC 7130 is resolved (jPiaz-Santos et all 120081 ) and shows signatures of 
both star formation and AGN activity. Its optical classification as LINER/Sy is in agreement with the detec- 
tion of the [Ne v] 14.32 /im em ission line in the Spitzer IRS spectrum of the galaxy (|Alonso-Herrero et al.l [2009bl : 
iPereira-Santaella et al.|[2009bD . supporting the existence of an AGN. The T-ReCS nuclear spectrum reveals clear 8.6 
and 11.3 /im PAH emission together with the [S iv] 10.51 /im emission line (see Figure [18]). This is a clear example of 
the coexistence of PAH emission and an AGN within less than ^ 100 pc. There are two explanations for this: (a) the 
PAH molecules are far away enough from the AGN so that they cannot be destroyed by its radiation field; (b) the 
PAH molecules are being shielded in some manner. The integrated T-ReCS spectrum shows the same features as the 
nuclear spectrum since the nucleus of NGC 7130 is quite compact and outside ^ 500 pc there is no emission (neither 
continuum nor feature emission). 

Spatial Profiles: Star- Formation Surrounding a Sy2 Nucleus 

The nucleus of NGC 7130 is a clear example where star formation and AGN activity manifest their characteristic 
spectral features within the same region (see Figure [TO]) . We find that the [Neii]12.81 /im and Paa profiles are as 
compact as the (resolved) continuum emission. We also detect 8.6 and 11.3 /im PAH emission, but extended within 
the central 1.5" of the galaxy. Both, the PAH features, and the [Ne ii]12.81 /im and Paa emission lines clearly 
indicate that there is star formation within the nuclear region. Moreover, Fig \W\ shows that in NGC 7130 the PAH 
molecules can survive within a distance of less than ~ 100 pc from the AGN without being destroyed. The intrinsic hard 
(2-lOkeV) X-ray lum ino sities (L^-mw.v) of th e AGNs of NGC 7130 and NGC 5135 are very similar (w 1 x 10^3 ergs"!; 
iLevenson et al.|[2Q05l and iLevenson et 31112004 respectively). Therefore, the existence of PAH emission in the nucleus 
of NGC 7130 but not in the nucleus of NGC 5135 suggests that the PAH carriers are not being destroyed in the latter 
but the absence of PAHs is due to the fact that there is no nuclear star formation (or at least it is very weak). The 
[Siv] 10.51 /im line is also detected (although with a high uncertainty) as in the nucleus of IC 4518W and NGC 5135, 
and is as compact as the continuum emission. 

The [Neil] 12.81 /im/Paa ratio is almost constant in the nuclear region of the galaxy (between 3 — 5 within the inner 
1" ~ 340 pc). The 11.3/8.6 /imPAH ratio is also almost constant along the central ^ 200 pc with a mean value of ~ 2.3. 
This value is slightly higher than that seen in NGC 3256 (~ 1.7), but both are in agreement with the median ratio found 
bv lSmith et"all ()2007f ) for the SINGS galaxy sample (1.5±J:|). The spatial profile of the 11.3/imPAH/[Neii]12.81 /im 
ratio has his minimum at the nucleus of the galaxy with a value of ~ 1.1 (similar to that of the nucleus of NGC 3256) 
and increases outwards from the central region. 

The [Slv]10.51/tm/11.3/tmPAH ratio peaks at the nucleus, while the [Ne 11] 12.81 /im/[S iv] 10.51 /im ratio has the 
minimum there. The former is due to the fact that the 11.3 /im PAH emission is more extended than the [Siv] 10.51 /tm 
line emission. In the same manner, the [S iv] 10.51 /im emission seems to be more concentrated than the [Neil] 12.81 /tm 
emission as the [Ne 11] 12.81 /im/[Siv] 10.51 /im ratio increases outwards from the nucleus. The nucleus of NGC 7130 
is resolved in continuum emission so these variations are indeed real. In fact, this would be in agreement with the 
[Siv]10.51 /tm line emission being the signature of the unresolved AGN emission, and the [Ne li] 12.81 /tm line em ission 
being mostly associated to the surrounding star-forming ring seen in the UV HGonzalez Delgado et all 120011: also 
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Fig. 19. — Same as Figure [131 but for NGC 7130. In this case, all flux spatial profiles are shown: the 11.3 /^m (top left) and 8.6/xmPAH 
(top right) features, and the [S iv] 10.51 ^im (bottom left) and [Ne ll] 12.81 /.im (bottom right) emission lines. [See the electronic edition of 
the Journal for a color version of this figure] . 



detected in PAH emission). Because the 8.6 and 11.3 /im PAH emissions are more extended than the continuum and 
Hue emissions, the spatial profiles of their EWs show again their minima in the nucleus, increasing outwards. In 
contrast, the [Siv]10.51 fiia EW is approximately constant (within the large uncertainties) confirming that the region 
from where the [S iv] 10.51 /im line emission arises is very compact (at least as compact as the continuum). 
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